Background: To examine return to the workforce and associated factors in patients of working age
Introduction
Over the last decades, survival following coronary artery bypass grafting (CABG) has greatly improved.(1-3) However, traditional outcome measures, such as mortality, morbidity, and serious adverse events do not provide a complete assessment of the consequences of the procedure and the underlying disease for the individual patient. A more comprehensive assessment should include living capabilities at home, at work, or in the society.(4-6) Attention should also be paid to other measures indicating a successful surgery and recovery, namely functional rehabilitation and postoperative quality of life such as return to work. Employment is important for physical and mental health, self-esteem, self-confidence, and social identity and provides financial independence and economic contribution to the society. (7) (8) (9) (10) (11) The ability to return to work after CABG holds important socioeconomic consequences not only for patients, but the society as well. It is therefore of great importance to identify patients at high risk of workforce detachment after surgery and potentially enhance current cardiac rehabilitation guidelines. Prior studies examining this relationship reported differing rates of returning to work after CABG and were limited by small number of patients. (12) (13) (14) (15) (16) (17) (18) (19) (20) To address these issues, we conducted a Danish nationwide retrospective cohort study to examine return to the workforce and associated factors in patients of working age undergoing isolated CABG.
Methods

The Danish healthcare and social welfare systems
The Danish healthcare system, funded by taxes, provides free and equal access to healthcare for all residents regardless of employment status. Likewise, social welfare benefits and social services, also financed by taxes, are provided to residents whenever indicated. These benefits include, but are not limited to, state educational grants, unemployment benefits, and disability pension. In Denmark, all
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4 residents are offered a fully state-funded pension at the age of 65 or later depending on the date of birth.
Data sources
All residents in Denmark are assigned a unique and permanent civil registration number which enables accurate linkage of nationwide administrative registries at an individual level. 
Study population
We identified all Danish residents undergoing first-time isolated CABG (NCSP codes KFNA-KFNE) between January 1, 1998 and December 31, 2011. In order to investigate return to the workforce, only patients of working age between 18 and 60 years, who were part of the workforce
30 days prior to admission and alive at discharge after CABG were included and comprised the study population.
Study covariates
Urgency of CABG was classified as elective, urgent (defined as surgery performed during the hospitalization period for acute myocardial infarction (AMI)), or emergency surgery (defined as surgery within 24 h after admission for AMI or surgery on the same day as percutaneous coronary intervention (PCI)). Comorbidity was obtained through the Danish National Patient Registry using hospital discharge diagnoses any time prior to and including index hospitalization for CABG Table 3 for ATC codes). The highest level of completed education prior to admission for CABG was classified in accordance with the International Standard Classification of Education (i.e. basic school, high school, vocational education, short/medium length higher education, and long higher education or research). Average 5-year household income was calculated and graded in quartiles.
Workforce attachment
Patients were classified as part of the workforce if they were employed, unemployed but capable of working (i.e. not receiving paid sick leave or disability pension or not on early retirement), or
received state educational grants, paid maternity leave, or other leave of absence. Employment status 30 days prior to admission for CABG was determined based on the five weeks leading up to this date, and only patients who were part of the workforce were included in the study. Five-week evaluation periods were applied in order to reduce misclassification, i.e. to ensure that patients with short-term sick leave were not classified as detached from the workforce -a method described previously.(29, 30) Therefore, only patients with sick leave of at least three out of the five evaluated weeks were classified as detached from the workforce. No patients could by our design reach the state pension age during our follow-up period. Further, it was possible for patients to change status (i.e. attachment or detachment from the workforce) at later evaluations during follow-up.
Outcomes
Outcomes, i.e. part of the workforce, detached from the workforce, and death, were assessed every 6 months for a total of two years after discharge for CABG. Our primary endpoint was return to the workforce estimated in the five-week period one year after CABG. In addition, we calculated time to return to the workforce defined as a minimum of three consecutive weeks at any time during a two-year follow-up period. Among patients who returned to the workforce for at least three consecutive weeks, we evaluated maintenance of workforce attachment during a two-year follow-up period by estimating time to one, three, and 12 weeks of consecutive detachment.
Sensitivity analysis
To test the robustness of our results, we altered our definition of detachment from the workforce to two and four out of five weeks, respectively. In addition, we examined return to work (i.e. patients in employment and not receiving any social benefits) among patients, who were in employment 30 days prior to CABG.
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Statistical analyses
Descriptive data were reported as frequencies and percentages or medians with interquartile range as appropriate. Baseline characteristics were summarized separately for age groups (18-45, 46-50, 51-55, and 56-60 years) and differences between age groups were tested by applying the chi-square test for categorical variables. Factors associated with return to the workforce one year after CABG were identified using logistic regression, adjusted for age, gender, income, education, status on living alone, urgency of CABG, prior PCI, comorbidities, hospital admissions within the first year postdischarge, and year of CABG. Patients who were not followed for one year due to emigration or death were set as detached from the workforce in the logistic regression analysis. Important interactions were tested by likelihood ratio test and found not significant unless otherwise stated. In addition, cumulative incidence curves were constructed to estimate time to return to the workforce and maintenance of workforce attachment while taking into account the competing risk of death. All statistical analyses were performed with SAS statistical software (SAS 9.4, SAS Institute, Cary, North Carolina, USA), and a two-sided p-value <0.05 was considered statistically significant.
Ethics
All patient data were anonymized so that individuals could not be identified. In Denmark, retrospective registry-based studies do not require ethical approval, and approval for this study was Figure 1 for selection process). Of these, 6031 (63.2%) were part of the workforce 30 days prior to admission for CABG and comprised the study population (Supplementary Table 4 for employment status 30 days prior to CABG in patients of working age and alive at discharge).
Results
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Baseline characteristics stratified according to age are summarized in Table 1 . The median age of the study population was 55 (interquartile range 8) years and 88.9% were men. Patients aged 56-60 years comprised 43% of the study population. Younger patients (age 18-45) were more likely to undergo urgent and emergency surgery, had a lower proportion of men, less comorbidities, and more rehospitalizations within the first year post-discharge compared with older patients.
Return to the workforce following CABG
The distribution of outcomes every 6 months for a total of two years after discharge for CABG according to age is presented in Figure 1 . One year after discharge, 4827 (80.0%) patients had returned to the workforce, 614 (10.2%) were on paid sick leave, 63 (1.0%) received support due to reduced working capabilities, 204 (3.4%) received disability pension, 250 (4.1%) were on early retirement, 57 (0.9%) had died, and 16 (0.3%) had emigrated. The proportion of patients returning to the workforce at one-year follow-up ranged from 75.6% to 84.2% and was lowest in the oldest age group. Mortality during one-year follow-up was low and comparable between all age groups ranging from 0.7% and 1.3%. 
Factors associated with return to the workforce
Results from the multivariate logistic regression for return to the workforce one year after discharge for CABG are shown in Figure 3 . Factors associated with a higher likelihood of returning to the workforce were younger age, male sex, and higher level of education and income. Urgency of surgery, more hospital admissions within a year post-discharge, and a history of heart failure, stroke, atrial fibrillation, hypertension, chronic kidney disease, chronic obstructive pulmonary disease, and liver disease were associated with a lower likelihood of returning to the workforce.
Time to return to and maintenance of workforce attachment
We also calculated time to return to the workforce and maintenance of workforce attachment.
During two years follow-up, 5524 (91.6%) patients returned to the workforce; of these, 83.6% had returned to the workforce 6 months after discharge for CABG (Supplementary Figure 2) . Among patients who returned to the workforce for a minimum of three consecutive weeks, 37.2% were detached from the workforce within two years when no sick leave from the workforce was accepted.
When sick leave up to three and 12 weeks was accepted, 31.2% and 25.0% were detached from the workforce within two years, respectively (Supplementary Figure 3) .
Sensitivity analyses
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We altered our definition of detachment from the workforce to two and four out of five weeks, respectively and found no difference in the proportion of patients returning to the workforce one year after discharge for CABG (79.6% and 80.6% for two and four weeks, respectively). In addition,
we examined return to work (i.e. patients in actual employment and not receiving any social benefits) in patients, who were employed 30 days prior to CABG. The proportion of patients returning to work one year after discharge for CABG was similar as for patients returning to the workforce (78.1% versus 80.0%).
Discussion
In this nationwide cohort study, we examined return to the workforce in patients of working age undergoing isolated CABG. Our study yielded three major findings: First, one year after discharge for CABG, four out of five patients returned to the workforce, and mortality was less than 1%.
Second, the proportion of patients attached to the workforce remained constant from one year to two years post-surgery in younger patients, but decreased in older patients. Third, younger age, male sex, and higher level of education and income were associated with a higher likelihood of returning to the workforce whereas urgent and emergency surgery, comorbidities, and additional hospital admissions within a year were associated with a lower likelihood of returning to the workforce.
Although traditionally evaluated outcomes such as morbidity and mortality do not provide a complete assessment of recovery after surgery, they still play an important role and are easily measured. In line with previous studies, we found a low mortality at one year after CABG in patients of working age. (20, 31, 32 ) The low mortality makes it important to pay more attention to "softer" and more patient-related outcomes concerning quality of life such as functional rehabilitation, mental aspects, and return to the workforce. In previous studies, rates of return to the workforce after CABG were rather conflicting, as these varied between 54% and 93%. (12) (13) (14) (15) (16) (17) (18) (19) (20) However, most of these studies were prone to selection bias, as they relied on self-reported
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11 information, applied different definitions of return to work (i.e. whether patients had to be employed or merely part of the workforce), and were limited by a small number of patients. To our knowledge, this is the first study to examine return to the workforce following CABG in a large unselected cohort of patients on a nationwide scale. We found that 80% of patients, who were part of the workforce 30 days prior to CABG, returned to the workforce one year after discharge for surgery.
Not only does employment hold important socioeconomic consequences for the patient and society, but also enhance recovery and life satisfaction by consolidating self-esteem, confidence, and social identity. Attachment to the workforce one year after CABG is highly dependent on the presence of comorbidities; the proportion of patients returning to the workforce was considerably lower if the patients had significant comorbidities at discharge. A history of heart failure, chronic kidney disease, and liver disease were strongly associated with a lower likelihood of returning to the workforce.
Other non-cardiovascular comorbidities (i.e. diabetes and malignancy) were not associated with a lower likelihood of returning to the workforce, although there was a clear trend. Based on these results, we could speculate that secondary prevention after CABG should not only be targeted towards cardiovascular comorbidities, but also non-cardiovascular factors in order to increase the rate of returning to the workforce. Thus, these findings may encourage a multidisciplinary approach in the postoperative management of patients undergoing CABG. On the other hand, it is important to note that the vast majority of the study population was free of significant comorbidities and even a considerable proportion of these patients failed to return to the workforce. We also found an association between higher level of education and average household income and a higher likelihood of returning to the workforce, which are in line with previous studies ( 
Strengths and limitations
The main strength of this study is the completeness of data in a nationwide unselected cohort of patients undergoing CABG followed in a real-world setting. Our study has several limitations that need to be acknowledged. Our results are based on the Danish healthcare and social systems providing social services for all residents whenever indicated regardless of socioeconomic or insurance status. Thus, translation of our findings to countries with more restricted access to these services may be hampered. We have no information on important clinical parameters (e.g. coronary follow-up period, the oldest patients in the cohort did have an opportunity to retire early and receive early retirement benefits if the criteria for such benefits were met. It is not unlikely, that these patients, comprising 4.1% of the study population, may not return to the workforce due to lack of motivation and necessity rather than poor performance status.
Conclusion
We examined return to the workforce in patients of working age who were part of the workforce 30 days prior to CABG. One year after discharge for CABG, four of five patients returned to the workforce and mortality was low. A better understanding of the causes of not returning to the workforce is warranted and such information may suggest whether intensive rehabilitation, psychological, educational, or some other therapeutic intervention may enable a successful reintegration into the workforce for patients undergoing CABG. 
